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Abstract
Background: The relatively rare carcinoma of the ampulla of Vater is a neoplasia with a good
prognosis compared to pancreatic cancer. Preoperative staging is important in planning the most
suitable surgical intervention.
Aim: To prospectively evaluate the diagnostic accuracy of Endoscopic Ultrasonography (EUS) in
comparison with conventional US and CT scan, in staging of patients with ampullary carcinoma.
Patients and Methods: 20 patients (7 women and 13 men) with histologically proven carcinoma
of the ampulla of Vater were assessed by EUS, CT scan and US. Results were compared to surgical
findings.
Results: Endoscopic biopsies were diagnostic in 76% of the patients. Detection of ampullary
cancer with US and CT scan was 15% and 20% respectively. Only indirect signs of the disease were
identified in the majority of cases using these methods. Overall accuracy of EUS in detection of
ampullary tumours was 100%. The EUS was significantly (p < 0.001) superior than US and CT scan
in ampullary carcinoma detection. Tumour size, tumour extension and the existence of metastatic
lymph nodes were also identified and EUS proved to be very useful for the preoperative
classification both for the T and the N components of the TNM staging of this neoplasia. The
diagnostic accuracy for tumour extension (T) was 82% and for detection of metastatic lymph nodes
(N) was 71%.
Conclusion: EUS is more accurate in detecting ampullary cancer than US and CT scan. Tumor
extension and locally metastatic lymph nodes are more accurately assessed by means of EUS than
with other imaging methods.
Introduction
Carcinoma of the ampulla of Vater is an infrequent neo-
plasia. Histologically the tumour is an adenocarcinoma
arising from either pancreatic ducts, acinus or bile ducts
and is often of a low grade malignancy. Both sexes are af-
fected, the male to female ratio being 2:1 with most pa-
tients being between 50 and 69 years of age [1,2]. Early
diagnosis is vital because after a complete surgical resec-
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tion the five-year survival rate can be expected to be ap-
proximately 40% [3].
Early symptoms (pain, cholestasis, intermittent jaundice)
result from the extension of the tumour and either the ob-
struction or the compression of the papillary duct. Exten-
sion of the tumour into the duodenum causes occult
anemia or intestinal obstruction [2,4].
Endoscopic Ultrasonography (Endosonography, EUS) is a
minimally invasive new imaging procedure. In this meth-
od a high frequency transducer (7.5 and 12 MHz) is
placed into the duodenum, offering a detailed ultrasound
image of the duodenal wall, at the convergence of the
common bile and pancreatic duct. Even small papillary
tumour masses can be detected with this method [5].
In this prospective study we evaluate the accuracy of EUS
in detection and preoperative TNM staging (T and N clas-
sification) of ampullary carcinomas. Data on clinical pres-
entation, endoscopic findings, endosonographic findings,
US and CT scan findings, treatment and follow-up of 20
patients with carcinoma of the ampulla of Vater are re-
ported.
Patients and Methods
Between July 1993 and February 2000 twenty patients
having carcinoma of the ampulla of Vater were prospec-
tively evaluated. The study was approved by the Ethics
Committee of the Hospital. An Informed consent for di-
agnostic examinations was obtained from all patients.
Seven women and 13 men, aged 40 to 87 years with a me-
dian age of 67 years were included in the study. ERCP and
clinical findings of a subgroup of these patients were in
part reported elsewhere [6].
The diagnosis was confirmed by histological examination
of the specimens, taken at either endoscopy or surgery. All
patients were subjected to clinical and laboratory tests. All
patients were examined by Ultrasonography (US) and CT
scan prior to endoscopic examination. Conventional CT
scans were performed with a Philips Lx scanner with a
slice thickness of a 10 mm, with oral and intravenous con-
trast in 13 patients (those diagnosed prior to 1997). Seven
patients were subjected to spiral CT (after 1997).
Detection of a tumour mass by means of US and CT scan
with direct (visualization of the tumour) or indirect signs
of tumour (bile or pancreatic duct dilatation, presence of
lymph nodes), and distal metastasis were noted.
Endosonographic examination was also performed in all
patients. The Olympus Co GF-EUM3 system (frequency:
7.5 or 12 MHz) with a water filled balloon technique was
used. Size and echogeneity of the tumour, local invasion,
existence of suspected metastatic lymph nodes and ana-
tomical relation of the tumour to the adjacent abdominal
structures were assessed.
Lymph nodes were assessed for malignancy on the basis
of four well established criteria which were: larger than 10
mm, round, homogeneous echo pattern and sharp bor-
ders [7–10]. T and N classification, according to the TNM
staging system [11] was also recorded. (Table 1).
Duodenoscopy and ERCP were performed in all patients
after US, CT and EUS assessment. Endoscopic biopsies
were taken after sphincterotomy. Seventeen patients were
operated upon. Patients were followed-up for a period of
2–75 months (median 27 months) until February 2000.
One patient refused any therapeutic procedure and was
lost to follow-up one month after diagnosis.
Statistical analysis was done by the chi-square paired sam-
ple test for proportions with Yates continuity correction.
Survival analysis in 17 patients that underwent surgery
was performed using the Kaplan-Meier procedure.
Results
Symptoms, clinical characteristics and laboratory tests of
all patients are shown in table 2. The most common
Table 1: T N M classification of carcinoma of the ampulla of Vater
T (Primary tumour)
Tx Primary tumour cannot be assessed
T1 Tumour limited to the ampulla of Vater or aphincter of Oddi
T2 Tumour invades duodenal wall
T3 Tumor invades 2 cm or less into pancreas
T4 Tumor invades more than 2 cm into pancreas and/or into 
other adjacent organs
N (Regional lymph nodes)
Nx Regional lymph nodes cannot be assessed
NO No regional lymph nodes metastasis
N1 Regional lymph nodes metastasis
M (Distant metastasis)
Mx Distant metastasis not assessable
M0 No distant metastasis
M1 Distant metastasis: Hepatic metastasis, peritoneal dissemina-
tion, lymph nodes metastasis along the splenic vein or at the 
splenic hilumBMC Surgery 2002, 2 http://www.biomedcentral.com/1471-2482/2/1
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symptoms were jaundice (70%), weight loss (55%), epi-
gastric pain (50%), fever (45%), nausea and/or vomiting
(35%). An elevated Alkaline Phosphatase (SAP) and γ -
Glutamyl Transpeptidase (95%) were the most common
laboratory abnormalities. Elevated ALT and AST (40%)
and anemia (35%) were also common. In table 3 we sum-
marize endoscopic, imaging, endosonographic findings
as well as outcome of all patients.
The endoscopic appearance of the papilla was abnormal
(polypoid or exophytic tumour mass) in 17/20 patients
(Fig. 1, Fig 3). In three cases the tumour was evident only
after endoscopic sphincterotomy of a protruding papilla.
In the rest of the cases a tumour mass was evident. On
ERCP a dilatation of the peripheral part of the common
bile duct (15/20) and of the main pancreatic duct (6/20)
were found. Multiple endoscopic biopsies were taken
from 17 patients. In one patient endoscopic biopsies
showed only severe dysplasia, while in three patients the
biopsies were normal. Carcinoma of the ampulla of Vater
was diagnosed in the remaining 13 patients.
Three patients had a surgical excision based on EUS find-
ings despite an almost normal endoscopic appearance of
the ampulla. Histology of the surgical specimens, com-
firmed the presence of a carcinoma.
On conventional US, the tumour was identified only in 3
cases (15%) as a hypoechogenic mass at the peripheral
part of the common bile duct. In 14 patients indirect signs
of malignancy (dilatation of the common bile duct: 12/
20, main pancreatic duct dilatation: 2/20, enlarged lymph
nodes: 9/20), were noted. In two patients enlarged lymph
nodes along the splenic vein were detected (Ml according
to the TNM classification). In the remaining three patients
the examination was completely normal.
On CT scan, findings were suggestive of a malignant tu-
mour at the distal part of the common bile duct in 4 cases.
2/13 in conventional and 2/7 in spiral CT scan (30%)
with an overall accuracy of 20%. Indirect signs of malig-
nancy were evident in 16/20 (80%) cases (dilatation of
the common bile duct: 14/20, main pancreatic duct dila-
tation: 5/20, enlarged lymph nodes: 12/20). In two pa-
tients enlarged lymph nodes at the splenic hilum and
along the splenic vessels were detected (Ml). In one pa-
tient peritoneal dissemination of the mass was shown
(Ml).
On EUS tumour was identified in all patients. A heteroge-
neous hypoechoic mass was the common presentation
(fig 2, fig 4). T and N classification was feasible in all cas-
es. Invasion of the duodenal wall (T2) was found in 8 pa-
tients. Tumour invasion within 2 cm on the pancreatic
Table 2: Clinical and Laboratory data of the patients on admission. Anemia is defined as a decrease of haemoglobin more than 10% of 
the normal value. Elevated levels of SAP and γ -Gt (Cholestatic enzymes) and ALT, AST are defined as more than double of the normal 
values.
Case Sex Age Jaundice Fever Pain Nausea Weight loss Anemia SAP, γ  Gt ALT, AST
1M 6 4 + - + +++ ++
2M 4 3 + + + -++ ++
3M 7 0 + - - -++ ++
4M 8 0 + - - -++ ++
5 M 6 7 + - - --- +-
6F 7 5 + + + -+-+-
7F 4 7 + + + --- +-
8M 6 2 - + + +- -+-
9M 5 7 + + - -+-+-
10 F 78 + + + + + + +
1 1 M 4 0 - - - --- +-
1 2 F 6 4 - - - --- +-
13 M 77 - - + + - - - -
14 M 87 + + + + + - + -
15 F 68 + + + + - - + -
1 6 M 7 3 - - - --- +-
1 7 F 6 3 - - + --- +-
18 F 59 + - + + + - + +
19 M 69 + + - - + + + +
20 M 72 + - - - + + + +BMC Surgery 2002, 2 http://www.biomedcentral.com/1471-2482/2/1
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Table 3: Endoscopic biopsy, US and CT scan findings (direct or indirect signs), EUS classification for T and N (TNM staging), treatment, 
follow-up and outcome of the 20 patients with cancer of the ampulla of Vater.
Case Endoscopic 
biopsy
US CT EUS T and N Treatment Follow-up (Febr 00) Outcome (Febr 00)
1 Ca Indirect Direct T3N1 Palliative 43 Died
2 Ca Indirect Indirect T2N1 Whipple 64 Died
3 - Indirect Indirect T3N1 Local excision 2 Died
4 Ca Indirect Indirect T2N0 Stent 63 Died
5 - Direct Indirect T3N1 Lost lost Lost
6 normal Indirect Indirect T3N1 Whipple 75 Died
7 Ca Indirect Indirect T4N1 Local excision 34 Alive
8 Ca Indirect Indirect T2N1 Whipple 21 Alive
9 - Indirect Indirect T2N0 Stent 23 Alive
10 normal Indirect Indirect T3N1 Palliative 7 Died
11 Ca Direct Indirect T2N1 Whipple 30 Died
12 Normal Indirect Indirect T3N1 Local excision 26 Alive
13 Ca Indirect Indirect T3N1 Whipple 23 Alive
14 Ca Indirect Indirect T4N1 Whipple 2 Died
15 Ca Indirect Direct T3N1 Local excision 39 Died
16 Ca Indirect Direct T2N1 Whipple 22 Alive
17 Dysplasia Indirect Indirect T2N0 Whipple 15 Alive
18 Ca Indirect Direct T2N1 Whipple 12 Alive
19 Ca Direct Indirect T3N1 Whipple 8 Alive
20 Ca Indirect Indirect T3N1 Whipple 3 Alive
Figure 1
Polypoid, exophytic mass of the ampulla of Vater. Endoscopic
appearance (T: tumour mass).
Figure 2
Corresponding endosonographic image (7.5 MHz) of the
same (fig. 1) patient. Hypoechoic mass invading the duodenal
wall. Carcinoma of the ampulla of Vater:T2N0. (DL: duode-
nal lumen, T: tumour mass, CBD: common bile duct, m:
muscularis propria, nLN: non metastatic lymph node, P:
pancreas).BMC Surgery 2002, 2 http://www.biomedcentral.com/1471-2482/2/1
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parenchyma was found in 10 patients. These patients were
classified as having a T3 carcinoma. Two patients had a tu-
mour that invaded more than 2 cm into the pancreas and
they were classified as T4. In 17 patients suspected meta-
static lymph nodes were detected (N1).
Whipple resection (pancreatoduodenectomy) was per-
formed in 11 patients. Four patients had a local resection
of the tumour, 2 patients had a palliative anastomosis. In
total 17 patients were operated upon. Two patients re-
fused surgery and had a stent endoscopically placed.
Table 4 shows the findings of US, CT and EUS concerning
tumour and LN staging as well as indirect signs of tumour
presence compared to the surgical findings. Preoperative T
staging by means of EUS was confirmed in 14/17 patients
(82%). From the remaining 3 patients, in 2 the T stage was
overestimated (T3 and T4 instead of T2 and T3 respective-
ly) and in one underestimated (T2 instead of T3). N clas-
sification was surgically confirmed in 12/17 (71%) of the
cases. All of the remaining 5 patients were overestimated
by means of EUS. No metastatic lymph nodes were found
in surgical samples.
Figure 3
Polypoid tumour mass of the papilla of Vater with ulcera-
tions. Tumour partially obstructs the enteric lumen (T:
tumour mass).
Figure 4
Corresponding endosonographic image (7.5 MHz) of the
same (fig. 3) patient. Hypoechoic mass invading the duode-
num. Enlarged hypoechoic regional lymph nodes are also
present. Carcinoma of the ampulla of Vater:T3N1. (DL:
duodenal lumen, T: tumour mass, LN: metastatic lymph
nodes).
Table 4: Evaluation of ampullary cancer by means of US, CT scan and EUS and comparison to surgery findings in 17 patients who un-
derwent surgery. Distribution of T stage, enlarged lymph nodes (for US and CT scan), N stage (for EUS and Surgery), Common bile 
duct (CBD) and main pancreatic duct (MPD) dilatation (for US and CT scan) and M stage (for US, CT scan and Surgery).
US CT scan EUS Surgery
T stage* Advanced 2/17 (12%) Advanced 4/17 (24%) Early: 6/17 Advanced: 11/17 Early: 8/17 Advanced:9/17
Enlarged LN or N stage 8/17 (47%) 11/17 (65%) N0:1/17 N1:16/17 N0:5/17 N1:12/17
M stage 2/17 3/17 NA** 3/17
CBD and MPD dialatation CBD 12/17 (71%) MPD 2/17 
(12%)
CBD 13/17 (76%) 
MPD 5/17 (29%)
NA NA
* Early stage: T1 and T2 * Advanced stage: T3 and T4 **NonapplicableBMC Surgery 2002, 2 http://www.biomedcentral.com/1471-2482/2/1
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Overall accuracy of the EUS for detection of the tumour
was 100%. EUS was significantly better than both CT scan
(20%) and US (15%) in directly detecting ampullary tu-
mour (p < 0.001).
The median survival time for the patients who underwent
surgery was 64 months (95% CI: 9–119) The Kaplan-Mei-
er survival curve of those operated on is shown in figure 5.
Discussion
Cancer of the ampulla of Vater must be differentiated
from cancer of the head of the pancreas. Prognosis and
potential therapeutic intervention are different. 87% of
patients with carcinoma of the ampulla and 47% of those
with a malignancy of the duodenum have a potentially
operable tumour compared with only 22% of patients
with tumours arising from the head of the pancreas
[2,12]. Therefore a noninvasive accurate technique for de-
tection and staging is mandatory for these patients.
The endoscopic appearance of the papilla was abnormal
in most of our patients. However the distinction between
an impacted stone, a benign tumour or a malignancy is
not always feasible. ERCP with endoscopic sphincteroto-
my was a helpful diagnostic procedure in cases of intraam-
pullary tumors with a protruding papilla. In 3 cases of our
patients a polypoid mass was evident only after sphincter-
otomy. However, ERCP is an invasive procedure with a
considerable morbidity.
Moreover, endoscopic biopsies do not always allow for re-
liable diagnosis and preoperative assessment of tumours
of the papilla of Vater. Villous adenomas can be associat-
ed with an adenocarcinoma and a histological diagnosis
of an adenoma does not exclude the presence of an aden-
ocarcinoma elsewhere in the tumour. [13–16]. In our pa-
tients endoscopic biopsies were diagnostic for an
adenocarcinoma in 13/17 cases (76%). In one patient a
severe dysplasia was reported and in 3 cases histology was
completely normal. In other series the positive histologi-
cal yield was only 50% of the cases [17]. Our results are
similar to the studies from Japan and Boston where ap-
proximately one-third of the patients were misdiagnosed
[18,19].
Staging of the disease is also very important since there is
a close correlation between staging and survival rate
[2,20–22]. Conventional imaging techniques such as US
and CT scan are not very efficient in both diagnosis and
staging. CT scan cannot be used as the only diagnostic
procedure for confirming or excluding the diagnosis of
ampullary cancer. Staging of ampullary cancer by CT
alone was found inaccurate for the evaluation of tumour
resectability [23]. Moreover these methods can not detect
small tumours. They can indicate the presence of a tu-
mour by indirect signs such a dilatation of the common
bile and main pancreatic duct, or the presence of malig-
nant lymph nodes or distal metastases. ERCP can also
demonstrate pancreatic and bile duct dilatation [2,6]. In a
recent study, CT scan was reported to detect dilatations of
peripancreatic veins with nonvisualization of inferior per-
ipancreatic veins as an indirect sign of tumour invasion of
the peripancreatic tissue [24].
In our patients conventional US showed a tumour in only
15% of the cases. In 70% of the cases indirect signs of the
disease and in 15% no abnormalities were identified. On
CT scan, a tumour was directly visualized in only 20% of
the patients. In most cases (16/20), indirect signs of the
disease were evident but not diagnostic. Conventional CT
scan was directly diagnostic in less cases (16%) than spiral
CT (30%). This fact underlines the higher accuracy of spi-
ral CT in detecting tumours of the pancreas region
[25,26].
EUS provides an accurate method for detecting and stag-
ing of ampullary tumours, especially those infiltrating
into the pancreas. It also detects tumour infiltration of the
proximal blood vessels. However, EUS is unable to detect
distal metastasis. Finally, EUS is useful for planning an ap-
propriate therapeutic approach and for preventing unnec-
essary extensive surgery. EUS findings have been found to
correlate well with prognosis [27–32].
In our study survival for those patients selected by means
of EUS for a Wipple's procedure was considerably better
compared to those who had only a palliative procedure,
even if this was not statistically significant due to the small
number of patients. This finding agrees with a previous
observation according to which EUS for selecting patients
for local resection may be a cost-effective strategy [33].
Figure 5
Kaplan-Meier survival curve of operated patientsBMC Surgery 2002, 2 http://www.biomedcentral.com/1471-2482/2/1
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In our patients EUS was highly accurate in directly detect-
ing ampullary tumours making this modality the imaging
method of choice. Moreover, in our study the EUS accura-
cy for tumour invasion (T staging), was 82%. Endosonog-
raphy had also a relatively high accuracy (71%) in
diagnosing regional lymph node metastases (N1 stage).
In agreement with other studies comparing the accuracy
of EUS in differentiating between early and advanced am-
pullary carcinomas (T1/T2 vs T3/T4) where a concordance
between 78% and 84% was reported, we found similar ac-
curacy rates [25,27–29,31,33].
The reported accuracy of EUS in predicting regional
lymph nodes metastasis in ampullary carcinoma varies
between 59% and 68% [25,27,34]. These findings are
comparable or slightly lower than ours (71%). The differ-
ences that occur between our results and some of the other
studies, could be attributed to more advanced tumours in
our patients compared to the mentioned studies. In fact,
60% of our patients had an advanced carcinoma.
New modalities such as Intraductal US (IDUS) and spiral
CT have been used for tumour evaluation. IDUS was sig-
nificantly superior to EUS and CT scan. (100% vs 59.3%
vs 29.6% respectively). Sensitivity and specificity rates for
IDUS and EUS were 100% versus 62.5% and 75% versus
50%, respectively. Overall accuracy rate in tumour diag-
nosis for IDUS was reported significantly superior to EUS
(89% vs 56%) [35]. However in our hands as well as in
other studies [25,27–29,31,33] overall diagnostic accura-
cy for tumour detection was higher reaching levels as high
as 84%. The reason for the relatively low accuracy of EUS
in this study compared to the rest is not evident. IDUS ap-
pears to be the most effective imaging method in visualiz-
ing and staging tumors of the papilla but this remains to
be confirmed by other studies. Combining ERCP with a
catheter probe sonography offers a new diagnostic modal-
ity that has some potential advantages for local staging of
small tumours of the papilla [35–37].
The sensitivity and specificity of another diagnostic mo-
dality, spiral CT, for detecting involvement by the tumour
of the superior mesenteric vein, portal vein and lymph
nodes  have be en re ported similar to that of EUS [26].
However this was not true in our hands. We think that this
discrepancy was due to the small number of our patients
undergoing spiral CT (7/20).
In conclusion compared with classical imaging proce-
dures like US and CT scan, EUS is an effective method for
the evaluation of the extent of invasion of ampullary car-
cinoma as well as for the involvement of regional lymph
nodes before operation. Spiral CT scan may be combined
with EUS in order to evaluate distal metastases.
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